Abstract. Biodiversity conservation within forests depends, in part, on management practices that restore or maintain plant community diversity and function. Because many plant communities are adapted to natural disturbances, selective harvesting has potential to meet this need. This study was conducted to determine the impact of selective harvesting on tree species regeneration abundance, richness and diversity in Chidenga forest co-management block in Liwonde forest reserve, Malawi after four years of harvesting. The study constituted two treatments: harvested area (selective harvesting) and non-harvested area (control). The data obtained was analysed using Rẻnyi diversity profile in Biodiversity R. The results show that there were substantial variations between the treatments on the studied variables. Harvested area had higher tree species regenerants abundance (6088±452 ha -1 ) than non-harvested area (5324±364 ha -1 ). Harvested area had a higher Hα (2.64) at 0-alpha than Hα (2.48) for non-harvested area, indicating that harvested area had the higher tree species richness than non-harvested area in the understory. Furthermore, in the understory, harvested area had higher profile, 2.64 to 0.33 from 0-Alpha to infinity, than nonharvested area, 2.48 to 0.21 from 0-Alpha to infinity. This indicates that harvested area was more diverse than non-harvested area. In the overstory, harvested area had individual tree species evenly distributed than in non-harvested area. This signifies a healthy or good ecosystem. Therefore, it can be suggested that selective harvesting has a significant role in conservation of the forest resource base, and may be promoted for sustainable management of forest co-management blocks.
INTRODUCTION
Biodiversity conservation within forests depends, in part, on management practices that restore or maintain plant community diversity and function (Nag and Gupta, 2014) . Because many plant communities are adapted to natural disturbances, selective harvesting has potential to meet this need (Donagh et al., 2010; Kern et al., 2014) . However, other studies indicate that selective harvesting can still cause fragmentation that can harm the remaining trees and ecosystem (Glastra, 1999; Pinard et al., 2000; Wilson et al., 2004) .
In recent past Malawi has seen unprecedented decline in forest cover both on state owned and customary land. Annual forest loss is pegged at 2.8% (GoM, 2010) . This is attributed to increased national demand for forest products than available. Annual consumption of forest products, estimated at 15 million m 3 , far exceeds the sustainable supply of 7-8 million m 3 . Secondly, farmers often have no way to tackle their food insecurity other than expanding their operations by cutting woodland on customary land or by encroaching in the forest reserves to sustain livelihoods. This threatens Malawi's considerable stock of biological diversity and reduces the actual and potential forest resources. In its effort to alleviate this problem the government of Malawi through the Department of Forestry recognized the need of participatory forest management (PFM). PFM is stipulated in the National Forest Policy of 1996 (GoM, 1996) and operationalized by the National Forest Act of 1997 (GoM, 1997) . The law recognizes two main types of PFM, namely: Co-management and Community Based Forest Management (CBFM). Comanagement and CBFM in Malawi is well explained by Mtambo and Missanjo (2015) . In both comanagement and CBFM, timber harvesting is often a controversial issue. A forest provides many different benefits, and preferences for its use vary from different user groups. Controversy about timber harvesting often escalates because most people know little about the process and its role in maintaining sustainable forests (Holmes et al., 2002; Donagh et al., 2010) . Timber harvesting can cause several environmental impacts like soil erosion, soil compaction, green house emission and loss of biodiversity (Kobayasha, 1994; Gaston and Fuller, 2009 ). However, selective harvesting has been proposed to minimize these impacts and for contributing to sustainable forest management (Sabogal et al., 2001; Holmes et al., 2002; Sist et al., 2003; Donagh et al., 2010) . Selective method is solely used for harvesting wood. Trees are selectively harvested around old-growth trees whose durability and long interconnectedness with the ecosystem provide unique habitats for plants and animals. This technique is intended to preserve the ecosystem while still reaping the benefits of timber harvesting. However, selective harvesting can still cause habitat destruction, fragmentation, and microclimate alteration that can harm the remaining trees and ecosystem (Glastra, 1999) .
The introduction of selective harvesting technique in both co-management and CBFM in Malawi was expected to improve forest condition and sustainable management of forest resources. However, systematic studies are lacking that assess whether selective harvesting technique in Malawi have achieved their objectives as expected, and to draw lessons that can be used in the future in applying the experiences to other sites. In view of this, a study was conducted to determine the impact of selective harvesting on natural regeneration abundance and tree species richness and diversity in forest co-management blocks. Therefore, the hypothesis tested was that there were no differences between selective harvesting and non-harvesting on natural regeneration abundance and tree species richness and diversity in forest comanagement blocks.
MATERIALS AND METHODS

Study Area
The study was conducted in Malawi located in Southern Africa in the tropical savanna region at Liwonde forest reserve in Chidenga forest comanagement block in Machinga district (Figure 1 (Hardcastle, 1978) . The natural vegetation of the area is miombo woodland dominated by Brachystegia and Uapaca species. Chidenga forest co-management block covers approximately 901 ha and it is situated about 326 km south east of Lilongwe the capital.
Experimental Design and Data Collection
The experimental design constituted two treatments of harvested and non-harvested areas. Four sampling plots were established for each treatment. The treatments were completely randomized in three replicates. Three concentric circular plots of radius, 6m (small), 12m (medium) and 20m (large) were established at each sampling point. The layout of sample plots was designed in such a way that the first plot location was randomly generated and selected by a computer list whilst the other three plots were systematically laid at a distance of 100m north of the first plot. Tree species stocking, for all woody species, were enumerated and their species name were also identified and recorded. The smaller plot was used to enumerate regenerants of <5 cm root collar diameter. Trees in the range of 5 -15 cm diameter at breast height (dbh) were assessed in the medium plot, while in the large plot trees of ≥15 cm dbh were enumerated and recorded. The dbh was measured using diameter tapes. The study was conducted in July 2014 while the harvesting was done in years 2009 and 2010. Selective harvesting involved removing of old-growth trees; leaving the retained trees more or less evenly spaced out and about 30% of the growing stock's canopy was removed. Harvesting was done using chain saws and an area of about 5 ha was harvested.
Statistical Analysis
Data obtained on the inventory was tested for normality and homogeneity with KolmogorovSmirnov D and normal probability plot tests using Statistical Analysis of Systems (SAS) software version 9.1.3 (SAS, 2004) . After the two criteria were met, SAS was used to run an Independent Samples ttest to evaluate significant differences between the means for natural regeneration abundance in the harvested and non-harvested areas at 0.05 level. Tree species richness and diversity was determined by using Rẻnyi diversity profile in Biodiversity R. (Kindt and Coe, 2005) . Biodiversity R. description has been well explained by Missanjo et al. (2014) . Briefly, Biodiversity R. is software that does all the biodiversity analyses, while Rẻnyi diversity profiles are curves that provide information on richness and evenness. The shape of the profile is an indication of the evenness. A horizontal profile indicates that all species have the same evenness. The starting position at the left-hand side of the profile is an indication of the species richness. Profile that starts at a higher level has higher richness. The major advantage of Rẻnyi diversity profiles is that sites can easily be ordered from high to low diversity. If the profile for one site is everywhere above the profile for another site, then this means that the site with the highest profile is the more diverse of the two. 
Tree Species Regeneration Abundance
The results for tree species regeneration abundance between the two treatments are given in Figure 2 . The results show that there were no significant (P>0.05) differences on tree species regeneration abundance between the two treatments. However, harvested area recorded higher regenerants (6088±452) than nonharvested area (5324±364). This indicates that the harvested area is experiencing accelerated rate in development and growth of juvenile tree species. According to Oliver and Larson (1996) (Platt, 2008) . This corresponds with Chidumayo (1997) who indicated that natural regeneration in miombo is influenced by the type of harvesting.
Fig. 2:
Mean number of regenerants per hectare for harvested and non-harvested area at Chidenga forest co-management block 
Tree Species Richness
Rẻnyi diversity profiles for the two treatments in overstory and understory are presented in Figure' s 3 and 4, respectively. Figure 3 shows that non-harvested area had a higher Hα (2.89) at 0-alpha than Hα (2.77) for harvested area. This indicates that non-harvested area had the higher tree species richness than harvested area in the overstory. However, harvested area had a higher Hα (2.64) at 0-alpha than Hα (2.48) for non-harvested area (Figure 4 ), indicating that harvested area had a higher tree species richness than non-harvested area in the understory. A total of 21 tree species in overstory were recorded in both harvested and non-harvested area. Of the total tree species recorded in overstory, 18 were found in nonharvested area, while 16 were found in harvested area. Out of the 21 species, 13 were common to both treatments. Only three species encountered in the harvested area were absent from the non-harvested area, while five species found in non-harvested area were not encountered in the harvested area in overstory. In the understory (regenerants), a total of 17 species were recorded, 14 were found in harvested area, while 12 were found in non-harvested area. Out of the 17 species, 9 were common to both treatments. Five species encountered in the harvested area were absent from the non-harvested area, while three species found in non-harvested area were not encountered in the harvested area (Table 1) . There was high species richness in the harvested area than non-harvested in the understory because the harvested area created space for suppressed species to regenerate (Chidumayo, 1997) . This suggests that selective harvesting has a positive impact on tree species richness, and could be recommended for sustainable management of forest co-management blocks.
Overall, high species richness in Chidenga forest co-management block could also be attributed to presence of Lingamasa River, situated within the block, which is perennial hence sustains regeneration and tree growth. This is in agreement with Giliba et al. (2011) who suggested that presence of a riverine in Bereku forest reserve contributed to the growth of many species in the study area hence high species richness.
It is also suggested that high tree species richness could be as a result of the vastness of the forest, which is estimated to be 901 ha. Storch et al (2007) indicated that local species richness varies with space in local ecological or larger-scale geographic gradients of environmental change. Furthermore, Zimudzi et al. (2013) suggested that relatively high species richness can be attributed to the protection status of reserves. This justifies the status of the block which is under comanagement. 
Tree Species Diversity
Rẻnyi diversity profiles for the two treatments in overstory and understory are presented in Figure's 3 and 4, respectively. The results show that in the overstory the profiles for harvested and non-harvested areas were crossing each other. This is an indication that neither harvested area nor non-harvested area was more diverse than the other. However, the shape of the profile in harvested area was more horizontal than in the non-harvested area. This is an indication that the proportion of the individual tree species were evenly distributed in the harvested area, while in the nonharvested area the individual tree species were not evenly distributed (Table 2 ). An evenly distributed of individual species in an ecosystem signifies a healthier or good ecosystem (Omoro et al., 2010) . Therefore, the present results suggest that selective harvesting if properly carried out would lead to a healthier or good ecosystem hence may be promoted for sustainable management of forest co-management blocks. In the understory (Figure 4) , the profile for harvested area was everywhere above the profile for non-harvested area. This means that the harvested area was more diverse than non-harvested area. Therefore, it can be suggested that selective harvesting has resulted in enhancing tree species diversity. This agrees with Omoro et al. (2010) who suggested that plant diversity is enhanced by at least a disturbance of plant communities. The co-management approach as indicated is also focal to increased biodiversity. Giliba et al. (2011) reported that anthropogenic activities play big role in the dynamics of miombo woodlands. Figure 4 , further shows that the shapes of the profiles for both harvested and non-harvested areas were less horizontal. This is an indication that the proportions of the individual species were not evenly distributed. This was attributed to dominance of certain species. Julbernardia globiflora was in higher abundance in both harvested and non-harvested areas followed by Brachystegia bussei and Uapaca species. However, continued proper management of the regenerants would lead to evenness of all the species i.e. the individual tree species would be evenly distributed. Therefore, it can be suggested that selective harvesting has a significant role in conservation of the forest resource base, and may be promoted for sustainable management of forest co-management block.
The present study was based on only four years' post-treatment and therefore, may have uncertainty in variations between the treatments because of growth and regeneration with seasonal fluctuation. Hence, continuing research for several consecutive years is needed to fully establish the variation on tree species richness and diversity between the treatments, prior to promoting the technique in forest co-management block.
CONCLUSION
The current study has revealed that non-harvested area had higher tree species richness than harvested area in the overstory. The improvements were obtained on tree species regeneration abundance, richness and diversity through the application of selective harvesting. The co-management approach as indicated is also a focal to increased biodiversity. Therefore, it can be suggested that selective harvesting has a significant role in conservation of the forest resource base, and may be promoted for sustainable management of forest co-management blocks. However, continuing research for several consecutive years is needed to fully establish the variation on tree species richness and diversity between the treatments, prior to promoting the technique in forest comanagement blocks.
